We consider the most general action for gravity which is quadratic in curvature. In this case first order and second order formalisms are not equivalent. This framework is a good candidate for a unitary and renormalizable theory of the gravitational field; in particular, there are no propagators falling down faster than 1 p 2 . The UV regime is in a conformal invariant phase; only when Weyl invariance is broken through the coupling to matter can an Einstein-Hilbert term (and its corresponding Planck mass scale) be generated.
1 p 2 . The UV regime is in a conformal invariant phase; only when Weyl invariance is broken through the coupling to matter can an Einstein-Hilbert term (and its corresponding Planck mass scale) be generated.
Introduction.
It is well-known that general relativity is not renormalizable (cf. [2] and references therein for a general review). However, quadratic (in curvature) theories are renormalizable, albeit not unitary [3] -at least in the standard second order formalism-although they have been widely studied over the years. When considering the Palatini version of the Einstein-Hilbert lagrangian the connection and the metric are treated as independent variables and the LeviCivita connection appears only when the equations of motion are used.
It is however the case that when more general quadratic in curvature metric-affine actions are considered in first order formalism the deterministic relationship between the affine connection and the Levi-Civita one is lost, even on shell [5] . That is, the equations of motion do not force the connection to be the Levi-Civita one. This is quite interesting because it looks as if we could have all the goods of quadratic lagrangians [3] (mainly renormalizability) without conflicting with Källen-Lehmann's spectral theorem. This justifies our claim of this theory being a candidate for an ultraviolet (UV) completion of quantum gravity. A preliminary exploration of these ideas has been done in [4] , to which we refer for a more detailed discussion.
2 The action principle.
The action of the theory reads
where the Riemann tensor is defined in terms of an arbitrary (although torsion-free) connection, Γ, which differs from the Levi-Civita value by a three-index field, A:
The D I are straightforward tensors built out of the metric tensor, g αβ . This theory is conformally invariant in n " 4 dimensions, because under g µν Ñ Ω 2 g µν (and Γ inert fields)
It is always possible to choose the background connection as the metric one (that is, the background A field vanishes), in such a way that only quantuum fluctuations in the A field need to be considered 3 Dynamical generation of the Einstein-Hilbert term.
The theory so far considered is always in the conformal phase; it is Weyl invariant. This is the symmetry that prevents the appearance of a cosmological constant on the theory and ensures that all counterterms must be inside our list of quadratic operators. This ultraviolet regime of the theory is then a candidate for an UV completion of quantum gravity.
This symmetry is not to be found at low energies, however; which means that it must be broken at some scale, which we will relate to Planck's. Once this happens, both a cosmological constant and an Einstein-Hilbert term in the lagrangian are not forbidden anymore. Several scenarios for this breaking can be proposed (cf. for example, [1] ); may be the simplest possibility is through interaction with a minimally coupled scalar sector
Quantum corrections will include a term
Were the scalar field to get a nonvanishing vacuum expectation value xφy " v the counterterm implies an Einstein-Hilbert term
Once generated, this term dominates the infrared (IR) phase of the theory.
To conclude, when considering quadratic in the Riemann tensor gravity theories in the first order formalism, quartic propagators never appear. The ensuing theory naively appears to be both renormalizable and unitary.
